The accreting x-ray pulsar, Hercules X-1, emits a spectrum with a localized feature at about 35 keV which has been observed repeatedly and is generally interpreted as an absorption line resulting from transitions between quantized levels in an intense magnetic eld at the neutron star's polar cap. It thus a ords a diagnostic of plasmas under such unusual conditions, as well as providing a key to the structure of the magnetosphere and to the mass ow. The Rossi X-Ray Timing Explorer has observed Her X-1 three times to date, with 10000 seconds for the shortest observation. This rich data set permits spectral analysis to a new level of precision. We describe some of the more interesting results of this analysis, with particular emphasis on the stability of the line and continuum over time.
II INTRODUCTION
Detection of cycloton lines has been claimed for nine accreting x-ray pulsars 1], but repeated measurements have been made only for Her X-1. The large area and wide energy range of the Rossi X-Ray Timing Explorer (RXTE) have made it possible for the rst time to pursue detailed spectroscopy on this class of objects, as well as studies of variability. We report results of an initial study of Her X-1, in which we nd remarkable stability of the line centroid. III OBSERVATIONS AND ANALYSIS Three RXTE observations were used, summarized in Table 1 . The third set was selected from a monitoring campaign spanning September 14 to Oct 25 1996. The selected observations were all obtained during the "High-On" phase, lasting about 10 days, of the 35-day cycle. About two thirds of the total data of observations two and three was available for this analysis.
The standard suite, sometimes the development versions, of XTE Ftools was used to accumulate phase-average spectra for each of the three data sets. A substantial live-time correction was applied to the HEXTE data and background was directly measured from the 16-second rocking. For PCA data the released background model produced an obvious underestimate of the detector background at higher energies, so in analysis the PCA data was limited to energies less than 27 keV.
The HEXTE response matrices did not produce noticeable systematics in the ts, but the PCA data showed clearly 1-2 percent ripples in the residuals to ts, which we attribute to errors in the matrix. The e ect of these systematics on the t results was reduced by applying a 1 percent systematic error to each channel with xspec, and by eliminating PCA channels below 4 keV.
Since the goal was to measure stability of the spectral shape and to permit comparison with earlier results, the traditional powerlaw continuum with high-energy cuto model was employed in tting with xspec, even though this model has a discontinuous rst derivative at the cut-o energy and can thus introduce an artifact, an apparent absorption line, at this energy. Table 2 displays aspects of the best ts of the data, conditioned as described above, to the model of a power law continuum with exponential cuto with single Gaussian absorption line. No convinving evidence was obtained for a harmonic overtone of the line.
The numbers in parentheses are the 90 percent con dence limits from the joint t, and apply to the nal decimal places of the best-t value. The reduced chi-squares are very poor, but the dominant contribution appears to be from the inaccuracy of the PCA response matrix. The next largest appears to be from incorrect PCA background subtraction above 20 keV. A more interesting pattern consists of low residuals on the low-energy side of the 39 keV line, and high residuals on the other side. Clearly, the subtractive gaussian line pro le incorrectly describes the data, and the next attempt should be with a multiplicative line. Such a form makes more physical sense anyway, because it is likely that the line is a resonance absorption of the continuum.
The formal errors of the ts are so small that it makes sense to compare the shape parameters of the three observations in terms of their dispersions, expressed as RMS. One sees that three of the ve parameters have RMS about 10 percent of the mean value, while two, the cuto and line centroid, are stable to one percent. The chance probability that the true RMS for these quantities is near 10 percent, like the other parameters, seems very small, of the order of (0.04) 3 .
The power law index, the e-folding energy, and the 38 keV line width are thus seen to be variable on a 10 percent scale on timescales of months. This is about the level seen for variability of the index from previous experiments e. g. 2], although intercalibration errors has certainly contributed in the past. The fold energy is more variable than was seen in the HEAO-1 data 3], which had a number of looks and good statistics. The sensitive measurement of the line width and its variability is new to this set of observations. Previous scintillator measurements (see 2,3]) were severely limited by detector resolution comparable to or larger than the line width. Although having better resolution than scintillators, existing observations with proportional counters 4] and germanium 5] were limited by counting statistics.
The very stable values for the cut energy and line centroid are new and surprising. The value of about 18 keV is di erent from that obtained in scintillator experiments, e. g. 3] 20 keV or higher, or even with proportional counters, where a value of 20 keV is also reported 6] (get a better number). The present measurements should be considered superior because they have very good spectal leverage with good statistics to both sides of the cuto energy. The measurement of the line centroid also di ers from earlier scintillator measurements, which centered near 35 keV 2]. Again, the present result should be more reliable because of the combination of better statistics and much better detector resolution. The stability of the values of these spectral parameters in the three observations is surprising in light of the variability of the other parameters, and the factor of two variability of the overall x-ray ux level.
V INTERPRETATION
The 38-keV line is widely regarded to result from resonance absorption of electrons in a 3 x 10**12 Gauss magnetic eld 7]. In fact, the line centroid is usually accepted as providing a direct measure of the eld strength at the site of emission above the polar cap of the neutron star 8]. Likewise, the cuto energy has been interpreted 9] as resulting from the onset of opacity in an extreme magnetic eld of this order. If both are accepted as measures of the magnetic eld strength, then the average magnetic eld in the region of emission into the line of sight remains remarkably constant for the three observations, and is also stable to the order of one percent. Since the magnetic eld is anchored on the neutron star, the average height of emission of the line photons is constrained. This one percent RMS corresponds to a 100 km constraint on the average height of emission for a dipole eld, and 50 km for quadrupole.
